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[57] ABSTRACT _
A refrigeration apparatus is provided having a refriger- 13 Claims, 4 Drawing Sheets
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DEFROST SYSTEM FOR REFRIGERATION
APPARATUS

FIELD OF THE INVENTION

This invention relates in general to refrigeration ap-
paratus that is designed for maintaining of foods edible

for human consumption at a temperature which 1n, at
least one of the compartments, would be below the
normal freezing point of water. This invention relates
more particularly to a defrosting system adapted to be
incorporated into a conventional refrigeration system
and operable to effect removal of frost and ice that may
form and accumulate on the evaporator located in the
freezer compartment.

BACKGROUND OF THE INVENTION

Refrigerators designed for use in personal residences
are of two basic types. One type does not provide any
means whatsoever for effecting defrosting of the evapo-
rator that is placed in a compartment for effecting freez-
ing of foods. It is thus necessary at periodic time inter-
vals to perform manual operations to effect removal of
frost and ice that accumulate over a period of time on
the evaporator surfaces. Refrigeration apparatus of this
type frequently utilizes an evaporator embodying a
construction that is designated as a plate-form construc-
tion that is utilized in substantial part because of its
economy of manufacture. A plate-form evaporator also
has a structural advantage in that it can aiso perform the
auxiliary function of supporting the food products.

Defrosting of a refrigerator, specifically the freezer
evaporator, is a time-consuming task and generally
requires that the refrigerator be placed in an inoperative
condition for a period of time. It also frequently re-
quires that the food products be removed from the
freezer compartment in order that appropriate measures
may be taken to apply the necessary quantity of heat to
the evaporator surfaces to effect the defrosting and, 1n
particular, to effect sufficient melting of ice accumula-
tions so that the ice may be removed. Defrosting tech-
niques currently employed often involve the placement
of containers of heated water 1n the freezer compart-
ment and either adjacent to or supported on the evapo-
rator. This technique invariably results in the further
complication because melted frost and ice generate
water that must somehow be picked up and manually
removed. Particles, or chunks of ice, are also invariably
produced and they must be removed. Generally, this
manual defrosting procedure creates a significant
cleanup problem.

To alleviate this defrosting problem, refrigeration
apparatus for domestic use has been designed to incor-
porate structure and control systems to effect automatic
defrosting. Such refrigeration systems with automatic
defrosting features usually incorporate an evaporator
which is of a construction that is generally designated as
a “fin coil”. This fin coil is placed in the freezer com-
partment and is functionally connected with other com-
ponents of the refrigeration system such as the compres-
sor, a condensor that is mounted exteriorly of the
freezer comparitment and the necessary control devices
such as an expansion valve. Defrosting i1s effected by
application of heat to the fin coil and this is accom-
plished at periodic intervals normally controlled by
electrical circuit timers. While the current technology
of automatic defrosting refrigeration systems do accom-
plish the intended objectives, they are not efficient from
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a cost standpoint in operation and, furthermore, they
require incorporation of components that substantially
increase the basic cost of the refrigeration apparatus.
Heat for effecting defrosting is normally provided by
means of an electric heating element. This heating ele-
ment must be placed in close proximity to the fin coil
evaporator in the freezer compartment and this factor
further adds to the increased costs of automatic defrost
freezers in that it significantly complicates the design
and configuration of the evaporator as well as restrict-
ing their physical location in the freezer compartment.

These current technology automatic defrosting sys-
tems also are costly to operate. Sufficient heat must be
applied to effect melting of the ice and/or the frost that
is formed on the fins of the evaporator. To complete
defrosting, it is necessary to apply this heat over a fairly
prolonged period of time in order to assure that there
will be sufficient heat transfer to effect the melting. Ice
is an insulator and this further adds to the complications
of defrosting as the heat must be applied for a sufficient
time to melt the ice until the heat actually reaches the
evaporator surfaces. With ice being a thermal msulator,
it is also undesirable to permit large accumulations of
ice to form on the evaporator as the ice will then also
seriously erode the cooling or freezing efficiency of the
system. In a defrost mode of operation, the electrical
defrost heater must produce heat at a rate which 1is
greater than the cooling capacity of the freezer system
and often this heat generation must be at a rate which 1s
three to four times the cooling capacity rate. Further
adding to the inefficiency of the automatic defrosting
system is the fact that the electric heater necessarily
generates space heat that is dissipated into the freezer
area. Once the defrosting cycle has been completed, it
then becomes necessary for the refrigeration system to
then work in the freezing cycle for an extended period
of time to effect removal of this added heat. The cost of
operating the freezer provided with automatic defrost-
ing is relatively greater than with a freezer that does not
have the automatic defrost feature. The comparative
relative cost of operation may well be in the order of the
automatic defrost system consuming two to three times
the energy that is otherwise required by a refrigerator
which is not provided with an automatic defrost system.

A further disadvantage of the current technology
systems of automatic defrost refrigeration apparatus is
that such systems cannot be applied or incorporated
with most commonly designed freezers such as those
with the plate-type evaporators. These plate-type evap-
orators are of a design which covers a relatively large
physical area, and thus, they are not readily adapted to
having means for applying heat to effect defrosting such
as is the case with the fin coil type evaporators. In addi-
tion to the lower cost refrigerators which are provided
with such plate-type evaporators, most common up-
right or chest-type freezers adapted for utilization n
residences are also of the type having such plate-form
evaporators. Consequently, these freezers which essen-
tially comprise the types that are found in residences,
and many commercial installations, are also not adapted
to automatic defrosting and must be defrosted by man-
ual techniques.

SUMMARY OF THE INVENTION
A refrigeration apparatus including defrosting capa-
bilities is provided by this invention for utilization In
association with residential household type refrigera-
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tors. The refrigeration apparatus of this invention in-
cludes a second evaporator which is designated herein
as a defrosting evaporator coupled in series relationship
with the primary or first evaporator of the refrigeration
system that performs the function of providing the cool-
ing such as in the freezing chamber of a refrigerator.
This defrost evaporator 1s positioned exteriorly of the
freezer compartment in which the first evaporator is
located and functions. Thus, the defrost evaporator is
not subject to formation of frost or ice on its exterior
heat transfer surfaces to the same extent as is the freezer
evaporator. Provided in association with the defrost

evaporator i1s mechanism for effecting application of

heat to this evaporator at periodic intervals to perform
the defrost function. Refrigerant flowing through the
conduit interconnecting the several components will
thus first flow through the defrost evaporator and then
through the evaporator of the refrigeration or freezer
compartment. When in a cooling mode, the refrigerant
thus will result in cooling of the defrost evaporator as
well as providing cooling through the primary or first
evaporator. The effect of cooling the defrost evapora-
tor 1s minimized in the basic system of this invention as
it 1s located in a closed chamber forming a dead air
space from which ambient air is essentially excluded,
resulting in minimal formation of frost or ice on the
defrost evaporator. At periodic intervals when the sys-
tem is operating in a cooling mode with refrigerant
flowing through the interconnecting conduits, sufficient
heat 1s applied to the defrost evaporator to elevate the
temperature of the refrigerant to a level which is above
the freezing point of water. This refrigerant, when thus
clevated in temperature and then subsequently flowing
through the first evaporator, will result in transmission
of heat to the heat transfer surfaces of that first evapora-
tor. The effect of this heat produced by the refrigerant
is to melt frost or ice that has accumulated on the sur-
faces of the first evaporator. This has an advantageous
result in that the heat is directly applied to the surface of
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surfaces, and can thereby more rapidly effect melting of
the frost and ice. As a consequence, the frost and ice is
very quickly loosened or removed from the surfaces of
the evaporator without first having to effect a total

thawing or melting of the ice as is the case with the 45

automatic defrost systems heretofore employed in re-
frigeration apparatus of this type. The amount of heat
that 1s required and the time for effecting melting of the
frost and ice, or loosening for removal, is also markedly
reduced with the defrost system of this invention as
compared to the prior art defrost systems where the
heat 1s applied first to the exterior surfaces of the frost
and ice.

In the basic embodiment of this invention, the defrost
evaporator may be exteriorly located to the refrigera-
tion unit or housing, and thus, it is exposed to ambient
air. Heat 1s applied to the defrost evaporator by energi-
zation of an electrically powered heating element
which has its operative portion supported in close prox-
imate relationship to the defrost evaporator. That de-
frost evaporator may be of the plate-type or it may be of
the fin coil type which may proportionally have a
greater heat transfer surface. A timing mechanism is
advantageously incorporated in the control circuitry
for the heating element and is operative to energize the
heating element at periodic intervals for predetermined
time periods that are sufficient to effect the defrost
function.
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A second embodiment of the invention includes the
evaporators in the respective compartments of a house-
hold refrigerator and the defrost evaporator 1s, in effect,
formed by the evaporator located in the refrigeration or
cooling section which is not operative to lower the
temperature to the {reezing point of water. Heating is
obtained by providing of an air-circulating fan located
in operative relationship to the defrost evaporator, or
the cooling evaporator, and, since the air in that section
of the refrigerator is above freezing, it results in the
transfer of heat to elevate the temperature of the refrig-
erant flowing through the system. The result 1s that the
refrigerant then flowing for a period of time through
the evaporator of the freezer compartment will be
above freezing and thereby effect melting of the frost
and 1ce that may be formed on the evaporator in the
freezer compartment, and thus, effect the defrost func-
tion. The advantage of this second embodiment is that it
is also less costly to manufacture and, furthermore, it is
less expensive to operate in performing of the defrost
function. Operating expense is significantly reduced
since 1t is not necessary to generate heat for elevating
the temperature of the refrigerant and the only cost is
that of the electricity necessary to operate the air-cir-
culating fan that creates a flow of the ambient air in the
refrigeration compartment across this second evapora-
tor.

These and other objects and advantages of this inven-
tion will be readily apparent from the following detailed
description of three embodiments of the invention and
the accompanying drawings illustrating the compo-
nents of the system and their interconnection.

DESCRIPTION OF THE DRAWING FIGURES

FIG. 1 1s a schematic block diagram of a refrigeration
apparatus embodying this invention having a defrost
evaporator which is located exteriorly of the freezer
compartment.

FIG. 1A 1s a perspective view of a typical defrosting
unit for incorporation in the refrigeration apparatus
shown mm FIG. 1.

FI1G. 2 1s a diagrammatic sectional view on an en-
larged scale of a plate-type evaporator illustrating the
defrosting function of the apparatus of this invention.

FIG. 3 1s a schematic block diagram of a modified
refrigeration system for a refrigerator having both a
freezer compartment and a cooling compartment with
their respective evaporators and the evaporator in the
cooling compartment functioning as the defrost evapo-
rator.

FIG. 4 1s a schematic block diagram of a third modi-
fied refrigeration system embodying this invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATIVE EMBODIMENTS OF THE
INVENTION

A basic embodiment of the invention is shown in the
block-type schematic diagram of FIG. 1. Specifics of
the mechanical structure are not illustrated as such
components are well-known to those familiar with the
refrigeration art. In particular, the diagrams do not
illustrate the physical structure of standard components
such as refrigerators or refrigeration housings as the
mechanical details of the physical structures do not
form a part of this invention. In FIG. 1, a refrigeration
chamber 10 1s shown by broken line without further
illustration or description of the physical structure. As
is well-known, a refrigeration chamber basically com-
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prises a housing formed with thermally insulated walls
and provided with an opening or door for access and
thereby enables placement or removal of food articles
into or from the interior of the chamber. Provided in
association with the refrigeration chamber is a refrigera-
tion system which, as is customary, will have the sev-
eral components thereof either mounted on or in the
housing containing the refrigeration chamber and inter-
coupled therewith to perform the function of cooling
the interior of the refrigeration chamber.

A typical refrigeration system includes a compressor
11, a condensor 12, an expansion valve device 13 and an
evaporator 14. These basic components forming the
refrigeration system are operatively interconnected in
series relationship by a refrigerant conduit 15. The
evaporator 14 1s the component that provides the cool-
ing in the refrigeration chamber and is thus located
within the interior of that compartment. Depending
upon the specifics of a particular apparatus, the refriger-
ation chamber may be provided with air-circulating
means such as electrical powered fans that direct and
circulate the air over and around the evaporator to
more efficiently effect heat transfer and uniformity in
the cooling of the interior of the compartment along
with its contents. Appropriate control devices of a cus-
tomary nature are provided to effect operation of the
compressor as well as any other components that may
perform either sensing or control functions. In FIG. 1,
a control mechanism designated generally by the nu-
meral 16 is shown as being electrically coupled with a
suitable electrical power source to the compressor 11.
This mechanism is shown as being provided with a

temperature sensing probe or element 17 that is located
within the refrigeration chamber. This probe 17 senses

the temperature within that chamber and is operative to
effect actuation of the control mechanism 16 for either
energizing or de-energizing the compressor 11. Its func-
tion 1s t0 cause the compressor to operate and effect a
flow of refrigerant through the conduit 15 and the intex-
connected components when the temperature within
the chamber exceeds a predetermined magnitude. The
control mechanism is normally of a type such that it will
maintain the compressor in operation until the tempera-
ture within the chamber is reduced to a certain level
below the maximum acceptable temperature level.

In accordance with this invention, a defrosting unit
18 1s provided in combination with the basic refrigera-
tion system to automatically effect a defrosting func-
tion. This defrosting unit 18 1s located exteriorly of the
refrigeration chamber, but as with the other compo-
nents of the system, it is advantageously mounted on or
in the housing of the refrigeration unit. Included in the
defrosting unit 18 is a defrost evaporator 19 and a heat-
ing element 20. The defrost evaporator 19 is intercon-
nected 1n the refrigerant conduit 15 1in preceding rela-
tionship to the evaporator 14 which, for convenience of
identification, is designated as the first evaporator. This
defrost evaporator, as is the first evaporator, is con-
nected in downstream relationship to the expansion

valve 13 and thus the refrigerant, in its gaseous state as 60

it leaves the expansion valve, i1s similarly routed
through both of the evaporators. In the normal mode of
operation, the defrost evaporator is also functioning to
effect cooling of the surrounding air, but since it is
located exteriorly of the refrigeration chamber and is
not exposed to ambient air, it does not form, or at least
form to any great extent, frost or ice on the heat ex-
change surfaces of that evaporator.
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The heating element 20 of the defrosting unit is
shown in FIG. 1 as being of an electrical type having a
resistance-type element that generates heat when an
electrical current is passed through that element. The
heating element is physically supported in fixed rela-
tionship to the defrost evaporator and 1s disposed in
close proximity thereto. It 1s positioned in a manner so
that it will quickly and efficiently transfer heat to the
defrost evaporator. In this basic embodiment of the
invention, the defrosting unit 18 includes a closed cham-
ber 21 in which the defrost evaporator 19 and heating
element are both mounted. An exemplary chamber 21 is
shown in FIG. 1A with portions of the chamber’s walls
being broken away to better illustrate the physical rela-
tionship of the components. The defrost evaporator is
shown as being of expanded plate-form construction
having an integral passage 22 for routing of the refriger-
ant therethrough, but other evaporator constructions
may be utilized. Suitable supports 23 are provided for
maintaining the heating element in thermally and elec-
trically insulated relationship to the chamber walls and
the evaporator. The physical construction and support
of the defrost evaporator and its associated heating
element are not otherwise illustrated or described as
these are matters of design and engineering choice dic-
tated primarily by the type and relative capacity or sizes
of the unit. For the purposes of this description, it will
suffice to merely note that the defrost evaporator and its
associated heating element, being located in the closed
chamber, are maintained 1 a dead air space that 1s es-
sentially unaffected by the moisture content of the am-
bient air surrounding the chamber. Thus, the air in the
chamber will have a relatively low moisture content
resulting in minimal formation of ice on the defrost
evaporator.

Operation of the heating element is coordinated with
the functioning of the refrigeration system. Specifically,
the defrost evaporator and its heating element are de-
signed to operate in coordinated relationship with the
functioning of the first evaporator 14 and the compres-
sor 11. Thus, the heating element 22 has its electrical
element interconnected with the control mechanism 16.
It will, therefore, be energized whenever the compres-
sor is also energized and operating to induce a flow of
refrigerant through the system. Since the defrost evapo-
rator only needs to function for small periods of time,
the defrosting unit 18 also includes a timer 24 that 1s
connected in the electrical circuit of the heating ele-
ment. For a normal size household refrigerator, the
defrosting unit constructed in accordance with this
invention need operate for only a few minutes at any of
the predetermined times that 1s necessary to function for
effecting the defrosting. The time periods of operation
are determined in accordance with the capacity of the
particular refrigeration apparatus. Accordingly, no spe-
cifics as to times or time cycles are described as those
would be determined through appropriate engineering
design calculations for a specific size and type of refrig-
eration apparatus.

The reason why the defrosting system and refrigera-
tion apparatus of this invention operates efficiently and
effectively is easily explained by reference to FIG. 2.
FIG. 2 is a cross-sectional view through a typical evap-
orator that is of the plate-form type. This evaporator
includes a pair of plates 25 and 26 with one of the plates,
26, being formed with expanded wall sections that de-
fine portions of a refrigerant conduit in association with
the opposing plate 25. The two plates are secured to-
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gether by suitable techmques that form fluid-type seals
and thus are effective in containing the refrigerant
within the conduit space generally designated by the
numeral 27. When functioning in a freezing mode, the
evaporator, when confined within the refrigeration
chamber, causes formation of frost and ice on the exte-
rior surfaces. This frost and ice is shown diagrammati-
cally and in an exaggerated form as a layer of ice 28. In
a typical household refrigerator, the refrigerating unit
will normally operate and function for time periods of
the order of six hours and then the system is designed to
‘effect the automatic defrosting function. Over this per-
10d of time, a layer of ice 28 i1s formed and it adheres to
the exterior surfaces of the evaporator. The ice, being a
thermal insulator, gradually will diminish the rate of
heat transfer as it builds up and 1t 1s thus necessary at
periodic intervals to remove that layer of ice. With the
system of this invention, that is accomplished by the
automatic energization of the defrosting unit 20, such as
by energization of the electrical heating element 20.
Upon functioning of the defrosting unit 18, such as in
accordance with the dictates of the timer 24, heat will
be generated by the element 20 and transferred to the
defrost evaporator 19 and result in elevating of the
temperature of the refrigerant contained within the
conduit space 27. The heat that is applied will be suffi-
cient in accordance with the functional operating char-
acteristics of the system to raise the temperature of the
refrigerant to a level that is above the freezing point of
water. This elevated temperature may be in the range of
5-10 degrees above the freezing point as it 1S not neces-
sary to raise the temperature of the refrigerant to any
substantial extent. With the refrigerant thus at a temper-
ature above the freezing point of water then circulating
through the conduit and through the first evaporator
14, it will effect a transfer of heat through the walls of
the evaporator. That heat, in turn, will then operate to
effect melting of the adjacent layer of ice forming a
liquified layer 29 with the heat then subsequently radiat-

ing outwardly through the layer of ice to further effect 40

the defrosting function. This heat transfer effect thus
demonstrates the reason the defrosting system of this
invention 1s more effective and efficient than with the
customary type of automatic defrost apparatus incorpo-
rated 1n conventional types of household refrigerators
or other types of refrigeration apparatus. The heat does
not need to be transferred through or to act on the
entire body or layer of ice. Since the heat transfer is
from the evaporator in an outward direction, it, in many
cases, depending on the physical orientation of the com-
ponents, can effect dislodging of the layer of ice and
causing it to break up into particles that may fall into
suitable receptacles or areas where it may be easily
removed. As can be seen in the diagram of FIG. 2, the
heat developed by the refrigerant and transferred
through the walls of the evaporator is effective in ini-
tially causing melting of a layer of the ice immediately
adjacent the surfaces of the evaporator. This liquified
layer of material 1s diagrammatically indicated by the
numeral 29. If the system is properly designed and oper-
ated, only a relatively thin layer of ice 1s permitted to
accumulate and will be easily and quickly removed.

A second embodiment of the mvention is diagram-
matically illustrated in FIG. 3. This embodiment is
stmilar in the basic concept to that illustrated and de-
scribed with respect to FIG. 1 i1n that it also includes
two evaporators, namely, a freezer compartment evap-
orator 30 and a second or defrost evaporator 31. This
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defrost evaporator 31 is located in the cooling section of
an ordinary type of household refrigerator. This cool-
ing section is equivalent to the food chilling or cooling
section and does not effect freezing of the food. These
two evaporators are mounted within the main housing
structure of the refrigerator and other components of
the refrigeration system are also mounted on or in that
housing. These other components also include a com-
pressor 32, condensor 33, refrigerant conduit 34 and
expansion valve 35. All of these components, as is con-
ventional, are interconnected in series and as i1s de-
scribed with the system of FIG. 1. In this embodiment,
the second or defrost evaporator 31 is disposed in the
food cooling or chilling compartment of a conventional

‘household refrigerator with that compartment desig-

nated as the defrosting unit 36.

The defrosting unit 36 in this embodiment differs
from that of FIG. 1 in that 1t does not include an electri-
cal heating element to effect the periodic elevation of
the temperature of the refrigerant flowing through the
conduit 34. In this embodiment, the heating effect is
obtained by extracting heat from the interior of the
cooling compartment by means of an electrically oper-
ated, air circulating fan 37 that is disposed and sup-
ported in operative relationship to the defrost evapora-
tor 31. This defrost evaporator is located, as previously
indicated, in the cooling compartment and has the pri-
mary function of effecting transfer of heat from that
cooling compartment {0 the refrigerant to effect the
defrosting function. It also functions to provide some
cooling effect to the air space and food products that
are placed 1 the cooling compartment. A conventional
household refrigerator of the prior art structure does
not include, in most cases, an evaporator similar to that
which is the defrost evaporator 31, as the cooling effect
is normally obtained by circulation of cold air from the
freezer compartment. The fan 37 is connected by the
appropriate electrical wiring to a control mechanism 38
that functions to control the operation of a compressor
32. This control mechanism also includes a temperature
sensing probe 39 having its sensing element located 1n
the freezer compartment. This location of the tempera-
ture sensing probe is effective as freezing of the food in
that compartment is a primary control function. When-
ever the system 1s operating to effect cooling in that
compartment, 1t will also concurrently cause operation
of the freezer evaporator and result in lowering of the
temperature in the freezer compartment.

Functioning of the defrost system in the FIG. 3 em-
bodiment is essentially the same as that described in
detail with respect to the FIG. 1 embodiment. At peri-

"odic times, the system i1s placed in a defrost mode of

operation by energization of the electrical circuit to the
fan 37. Operation of the fan circulates the air in the
cooling compartment over the defrost evaporator 31.
Since the air in the cooling compartment is above the
freezing point of water, the refrigerant, as it flows
through the defrost evaporator, will have its tempera-
ture elevated and effect defrosting of the freezer evapo-
rator 30. An electrical timer 40 incorporated in the
circuit of the fan 37 operates to maintain the fan in
operation for a period of time to effect defrosting. The
advantage of this embodiment over that of FIG. 1 1s that

‘it effects even greater efficiency and lower costs of

operation in that it does not require generation of heat
by an electrical heating element to effect the defrost
function as the air in the cooling space and fan 37 form
a heat generating means. The heat 1s simply extracted
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from the air within the cooling compartment. While this
will cause a slight increase in the temperature of the air
in that compartment, this will not seriously effect the
cooling of the food products. The time of operation of
the fan 37 is relatively short, such as in the order of
three to five minutes. That length of time is sufficient to
elevate the temperature of the refrigerant in the conduit
34 to a level which is above the freezing point of water
and because of the efficiency of the heat transfer, as
described with respect to FIG. 2, results in completion
of the defrost mode of operation in a similarly short
period of time.

A third embodiment of the invention is diagrammati-
cally illustrated in personal residences. However, use of
this invention is not so limited and can be easily adapted
to residential freezers such as those of either the upright
or chest-type. Such freezers have not heretofore been
provided with defrosting apparatus. Their physical
construction and characteristics have not readily lent
themselves to use of automatic defrosting mechanisms
- such as those that have been developed for the typical
household refrigerators having freezer and cooling
compartments. These household freezers are generally
of a capacity that is much larger than that of the freezer
compartment of the typical household refrigerator and,
consequently, have relatively larger heat transfer sur-
faces upon which ice forms and is accumulated. Also,
these freezers of designs heretofore available generally
have evaporators of the plate-type which did not
readily adapt to the prior art defrosting mechanisms.
The defrosiing system of this invention is readily
adapted to these freezers just as it is to the household
refrigerators having plate-type evaporators. Defrosting
of such freezers can be accomplished by the system of
this invention as the defrosting does not require much
time, and thus, does not result in any significant change
in the temperature of the food products stored in the
freezer. Furthermore, with the defrosting beginning at
the surfaces of the evaporator and progressing otut-
wardly through the layer of accumulated ice, rather
than in a reverse direction, the presence of packages or
containers of food in tile freezer, or located adjacent the

heat transfer surface, has no significant effect on the
defrosting operation. Additionally a freezer provided
with a defrosting system of this invention is adapted to
be subjected to a defrost cycle at frequent intervals,
thereby tending to avoid accumulation of thick layers of
ice. Where manual defrosting techniques must be em-
ployed, there is a tendency to procrastinate in perform-
ing defrosting, thus contributing to the likelihood of
build-up of a thick layer of ice. Ice being a thermal
insulator, the build-up of a thick layer of ice will de-
grade the freezer’s efficiency.

The defrost evaporator need be only of relatively
small size or capacity as compared to the freezer evapo-
rator with which it is used. In this description of the
embodiments of this invention, the system is described
as having a second evaporator, but this terminology is
to be broadly construed as including heat exchangers of
diverse constructions. The heat exchanger selected is to
have the capability to extract heat from a suitable
source to effect elevation of the temperature of the
refrigerant flowing through this portion of the system,
particularly through the freezer evaporator.

In the FIG. 3 and 4 embodiments, the defrost evapo-
rator may tend to accumulate small quantities of frost or
ice when not functioning in the defrost mode. The sys-
tem 1s to be designed for operation 1in 2 manner to mini-
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mize any such accumulations. Those accumulations will
be quickly removed upon initiation of a defrost cycle.

It will be readily apparent from the foregoing de-

scription of the illustrative embodiments of this inven-
tion that a highly advantageous defrost system is pro-
vided for refrigeration apparatus. The inventive system
using a second evaporator to periodically elevate the
temperature of the refrigerant flowing through the
freezer evaporator to above the freezing point of water
1s highly effective in defrosting of the freezer evapora-
tor. The defrost system of this invention minimizes the
cost of defrosting a freezer evaporator through applica-
tion of heat to the evaporator structure, thereby avoid-
ing the time-consuming process of applying heat to the
ice so as to effect melting of the ice inwardly to the
evaporator surface as 1s necessary with prior art sys-
tems. This results in less time required to effect defrost-
ing and, consequently, less cost. Additionally, this new
defrost system using a second evaporator that is con-
nected in series with the freezer compartment evapora-
tor, but located outside of the freezer compartment,
enables an automatic defrost system to be incorporated
with plate-type evaporator structures as well as fin coil
type evaporators.

Having thus described this invention, what is claimed

is:

1. Refrigeration apparatus comprising

A) a refrigeration chamber for containing material
that 1s to be maintained at a first predetermined
temperature which is lower than the freezing point
of the material;

B) a refrigeration system for maintaining the material
in said chamber at the predetermined temperature,
said system including
1) a refrigerant compressor;

2) a refrigerant condensor;

3) a first refrigerant evaporator disposed in heat
transferring relationship to the interior of said
refrigeration chamber; and

4) a refrigerant expansion control device; all of said
compressor, condensor, first refrigerant evapo-
rator and expansion control devices being inter-
connected in series flow relationship by a refrig-
erant conduit whereby a fluid refrigerant may be
caused to flow therethrough for effecting opera-
tion of said refrigeration systems,

C) defrosting means operatively interconnected with
said refrigeration system for effecting defrosting of
said first refrigerant evaporator, said defrosting
means including
1) defrosting evaporator interconnected in said

refrigerant conduit in preceding refrigerant flow
relationship to said first refrigerant evaporator
and following said expansion control device, said
defrosting evaporator disposed externally to said
refrigeration chamber at a location where it is
not in heat transferring relationship with air en-
closed within said refrigeration chamber, and

2) heat generating means disposed in heat transfer-
ring relationship to said defrosting evaporator
and selectively operable at predetermined inter-
vals of time for transferring a sufficient quantity
of heat to said defrosting evaporator to elevate
the temperature of the refrigerant flowing there-
through and into said first evaporator to a magni-
tude that 1s above the freezing point of water to
effect removal of ice accumulated on the exterior
surfaces of said first evaporator.
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2. Refrigeration apparatus according to claim 1
wherein said heat generating means inciudes an electric
resistance heating element disposed closely adjacent
said defrosting evaporator.

3. Refrigeration apparatus according to claim 2
wherein said heat generating means includes control
means for effecting energization of said heating element
at selected times for intervals of predetermined dura-
tion.

4. Refrigeration apparatus according to claim 3
wherein said control means includes an electrically
operated timing device.

5. Refrigerating apparatus comprising

A) a refrigeration chamber for containing material
that is to be maintained at a first predetermined
temperature which is lower than the freezing point
of the matenal; |

B) a refrigeration system for maintaining the material
in said chamber at the predetermined temperature,
said system including
1) a refrigerant compressor;

2) a refrigerant condensor which also forms a
heated air source;

3) a first refrigerant evaporator disposed in heat
transferring relationship to the interior of said
refrigeration chamber; and

4) a refrigerant expansion control device; all of said
compressor, condensor, first refrigerant evapo-
rator and expansion control devices being inter-
connected in series flow relationship by a refrig-
erant conduit whereby a fluid refrigerant may be
caused to flow therethrough for effecting opera-
tion of said refrigeration systems,

C) defrosting means operatively interconnected with
said refrigeration system for effecting defrosting of
said first refrigerant evaporator, said defrosting
means including
1) a defrosting evaporator interconnected in said

refrigerant conduit in preceding refrigerant flow
relationship to said first refrigerant evaporator
and following said expansion control device, said
defrosting evaporator disposed externally to said
refrigeration chamber at a location where it is
not in heat transferring relationship with air en-
closed within said refrigeration chamber, and

2) heat generating means disposed in heat transfer-
ring relationship to said defrosting evaporator
and selectively operable at predetermined inter-
vals of time for transferring a sufficient quantity
of heat to said defrosting evaporator to elevate
the temperature of the refrigerant flowing there-
through and into said first evaporator to 2 magni-
tude that is above the freezing point of water to
effect removal of ice accumulated on the exterior
surfaces of said first evaporator, said heat gener-
ating means mcluding air displacing means dis-
posed to effect displacement of heated air from
sald condensor into heat exchanging relationship
with said defrosting evaporator to thereby cause
said defrosting evaporator to extract heat from
said heated air. |

6. Refrigeration apparatus according to claim S
wherein said condensor and said defrosting evaporator
are disposed with respect to each other in relative phys-
ical relationship and to said air displacing means
whereby heated air is displaced from said condensor to
said defrosting evaporator by said air displacing means.
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7. Refrigeration apparatus according to claim 6
wherein said air displacing means includes an air circu-
lating fan driven by an electric motor disposed 1n air-
flow-coupled relationship with said condensor and said
defrosting evaporator.

8. Refrigeration apparatus according to claim 7
wherein said heat generating means includes control
means for effecting operation of said air circulating fan
at selected times for intervals of predetermined dura-
tion.

9. Refrigeration apparatus according to claim 8
wherein said control means includes an electrically
operated timing device.

10. Refrigeration apparatus comprising

A) a refrigeration apparatus chamber for containing
material that is to be maintained at a first predeter-
mined temperature which is lower than the freez-
ing point of the material;

B) a material cooling compartment wherein material
placed therein is t0 be maintained at a second pre-
determined temperature which is above the freez-
ing point of water;

C) a refrigeration system for maintaining the material
in said chamber at the predetermined temperature,
said system including
1) a refrigerant compressor;

2) a refrigerant condensor;

3) a first refrigerant evaporator disposed in heat
transferring relationship to the interior of said
refrigeration chamber; and

4) a refrigerant expansion control device; all of said
compressor, condensor, first refrigerant evapo-
rator and expansion control device being inter-
connected in series flow relationship by a refrig-
erant conduit whereby a fluid refrigerant may be
caused to flow therethrough for effecting opera-
tion of said refrigeration systems,

D) defrosting means operatively interconnected with
said refrigeration system for effecting defrosting of
said first refrigerant evaporator, said defrosting
means including
1) a defrosting evaporator interconnected in said

refrigerant conduit in preceding refrigerant flow
relationship to said first refrigerant evaporator
and following said expansion control device, said
defrosting evaporator being disposed in said
cooling compartment and operative to effect
cooling of the air and material in said cooling
compartment and the maintenance thereof at
said second predetermined temperature, and

2) heat generating means disposed in heat transfer-
ring relationship to said defrosting evaporator
and selectively operable at predetermined inter-
vals of time for transferring a sufficient quantity
of heat to said defrosting evaporator to elevate
the temperature of the refrigerant flowing there-
through and into said first evaporator to 2 magni-
tude that is above the freezing point of water to
effect removal of ice accumulated on the exterior
surfaces of said first evaporator, said heat gener-
ating means including air displacing means dis-
posed to effect displacement of air in said cooling
compartment into heat exchanging relationship
with said defrosting evaporator to thereby cause
extraction of heat from the air by said defrosting
evaporator, said air displacing means including
control means for effecting operation of said air
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displacing means at selected times for intervals
of predetermined duration.

11. Refrigeration apparatus according to claim 10
wherein said air displacing means includes an air circu-
lating fan driven by an electric motor and disposed 1n
said cooling compartment.

12. Refrigeration apparatus according to claim 10

wherein said control means includes an electrically
operated timing device.

13. Refrigeration apparatus comprising

A) a refrigeration chamber for containing material
that is to be maintained at a first predetermined
temperature which is lower than the freezing pomt
of the maternial;

B) a refrigeration system for maintaining the material
in said chamber at the predetermined temperature,
said system including
1) a refrigerant compressor; -

2) a refrigerant condensor;

3) a first refrigerant evaporator disposed in heat
transferring relationship to the interior of said
refrigeration chamber; and

4) a refrigerant expansion control device; all of said
compressor, condensor, first refrigerant evapo-
rator and expansion control devices being inter-
connected in series flow relationship by a refrig-
erant conduit whereby a fluid refrigerant may be
caused to flow therethrough for effecting opera-
tion of said refrigeration systems,
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said first refrigerant evaporator, said defrosting
means including

1) a defrosting evaporator interconnected in said

refrigerant conduit in preceding refrigerant flow
relationship to said first refrigerant evaporator
and following said expansion control device, said
defrosting evaporator disposed externally to said
refrigeration chamber at a location where it 1s
not in heat transferring relationship with air en-
closed within said refrigeration chamber, and

2) heat generating means disposed in heat transfer-

ring relationship to said defrosting evaporator
and selectively operable at predetermined inter-
vals of time for transferring a sufficient quantity
of heat to said defrosting evaporator to elevate
the temperature of the refrigerant flowing there-
through and into said first evaporator to a magni-
tude that is above the freezing point of water to
effect removal of ice accumulated on the exterior
surfaces of said first evaporator, said heat gener-
ating means including a heated air source where
the air is at a temperature that is above the freez-
ing point temperature of water, and air displac-
ing means disposed in operative relationship to
said heated air source and said defrosting evapo-
rator for effecting displacement of the heated air
into heat transferring relationship to said defrost-
ing evaporator to thereby cause extraction of
heat from the heated air by said defrosting evap-

orator.
x* % *k k k
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